Platinum-based intermetallics display superior electrocatalytic activity for the normally sluggish oxygen reduction reaction (ORR), enabling a decrease in Pt loading compared to Pt/C in proton exchange membrane fuel cells (PEMFCs) [1-2]. As-synthesized, Pt-based metal alloy (Pt-M) nanoparticles (NPs) generally form as disordered alloys. The disordered alloys often suffer from a rapid loss of activity during electrochemical cycling due to the dissolution of the M element and subsequent changes in both the particle morphology and crystal structure. After post-synthesis annealing at high temperatures, the disordered alloy can be transformed into the ordered intermetallic phase, which can show significantly enhanced durability and activity. However, annealing can increase the particle size, which is undesirable. To optimize performance, we must find a balance between increased ordering and particle size.
Platinum-based intermetallics display superior electrocatalytic activity for the normally sluggish oxygen reduction reaction (ORR), enabling a decrease in Pt loading compared to Pt/C in proton exchange membrane fuel cells (PEMFCs) [1] [2] . As-synthesized, Pt-based metal alloy (Pt-M) nanoparticles (NPs) generally form as disordered alloys. The disordered alloys often suffer from a rapid loss of activity during electrochemical cycling due to the dissolution of the M element and subsequent changes in both the particle morphology and crystal structure. After post-synthesis annealing at high temperatures, the disordered alloy can be transformed into the ordered intermetallic phase, which can show significantly enhanced durability and activity. However, annealing can increase the particle size, which is undesirable. To optimize performance, we must find a balance between increased ordering and particle size.
Here we report quantitative in-situ annealing studies [3] , correlating the degree of ordering in intermetallics using XRD with the evolution of particle morphology and the formation of ordered intermetallics, at the atomic scale, using STEM. In situ heating, synchrotron-based XRD was performed to investigate the impact of a variety of annealing conditions on the degree of ordering of large ensembles of Pt3Co NPs ( Figure 1A) . In general, a higher degree of ordering leads to more durable electrocatalysts ( Figure 1B ). In situ heating STEM was employed to directly visualize the morphological changes ( Figures  2A-F) , and measure the size distribution of thousands of particles (Figures 2A-H) , using an automated algorithm [4] . The relative Pt3Co specific surface area (SSA) loss was calculated from STEM images to be around 33%, which is consistent with the loss in electrochemical surface area (ECSA) measured by cyclic voltammetry (CV) ( Figures 2I) . STEM images confirm the formation of both fully and partially ordered NPs at the atomic scale ( Figures 2J-K) . The annealed Pt3Co/C, with an optimal degree of ordering identified at 750 o C, exhibited significantly enhanced durability in practical membrane electrode assembly (MEA) measurements. The results highlight the importance of understanding the annealing process to optimize electrocatalytic activity [5].
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